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S Y N O P S I S  

m NUMBER of diorite complexes occur within 
the Channel Islands region, notably on Jersey, 
Alderney, and particularly Guernsey. Much of 
northern Guernsey is made up of the largest of 
these complexes (fig. SI), the Bordeaux diorite. In 
the north-western part of this diorite, around 
Chouet, a complicated association of plutonic rocks 
occurs. Although the field relationships in this area 
are sometimes difficult to interpret--this is often 
the case in diorite complexes--three separate 
groups of rocks may be distinguished within the 
association: a diorite group; a granodiorite group; 
and an inhomogeneous suite of rocks (fig. $2). 

The widespread diorite group consists pre- 
dominantly of an even-grained diorite, which is 
relatively homogeneous but which occasionally 
grades into an acicular diorite, the latter often 
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FIG. SI. Simplified geological map of Guernsey, Channel 
Islands. 

FIG. 82. Geological map of the Chouet area, Guernsey. 

containing pods and veins of appinite. The grano- 
diorite group is the least common, occurring as 
bodies which are interpreted as intrusive sheets and 
bosses within the even-grained diorite, but occurr- 
ing as angular blocks within the inhomogeneous 
suite of rocks. The granodiorite invariably contains 
rounded diorite xenoliths. The inhomogeneous suite 
consists of a variety of rocks from patchy, dark 
diorite, through quartz diorite to tonalite. Com- 
monly, these rock types are intimately associated, 
often showing gradational contacts with each 
other and frequently with the more basic portions 
occurring as 'xenolithic' material within the more 
acidic portions. At contacts between the inhomo- 
geneous suite and the even-grained diorite certain 
features (e.g. lobate margins and pipe-like struc- 
tures) indicate that the diorite must have been close 
to its solidus temperature at the time of emplace- 
ment of the inhomogeneous suite. The field rela- 
tionships between the three groups are interpreted 
as indicating that the diorite group was emplaced 
first, followed by the granodiorite group, with both 
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of these clearly pre-dating the inhomogeneous 
suite. 

Fifty-nine specimens, chosen to give a repre- 
sentative sample of each of the three rock groups, 
have been analysed for major, minor, and a selec- 
tion of trace elements and thirteen of these speci- 
mens have been analysed for REE.  The chemistry 
of the analysed rocks confirms the division into 
three groups, with each group showing distinctive 
characteristics. Furthermore, chemical plots (e.g. 
A1203, P205, Cr, and Ni v. SiO2) show discon- 
tinuities and areas of overlap between each group 
which cannot be explained within the constraints 
of a single genetic model relating the three groups 
to each other. This argument is particularly strong 
for the relationship between the diorite group, 
which spans the range 5o to 59 ~ SiO2, and the 
inhomogeneous suite, spanning the range 53 to 
68 ~o SiO2. In the area of overlap (53 to 59 ~o SiO2) 
the two groups are geochemically different. There- 
fore, for a variety of reasons, including emplace- 
ment order, the geochemical characteristics of the 
groups and the lithological inhomogeneity which 
is associated only with the chemically intermediate 
members of the association (the inhomogeneous 
suite), three quite different and genetically un- 
related liquids are required to generate the three 
groups of rocks. 

The even-grained diorite shows chemical varia- 
tion (e.g. with increasing SiOz, decreasing AlzO3, 
MgO, CaO, Sc, V, Cr, and Ni, and increasing 
Na/O, La, Nd, and Y) consistent with amphibole + 
plagioclase fractionation up to 55 ~ SiO2. At 55 ~o 
SiO/several elements show a change of slope (e.g. 
FeO + Fe203, TiO2, Rb, Ba, and Zr) indicating the 
introduction of biotite as a fractionating phase. 
Increasing total R E E  content with increasing SiO2 
throughout the even-grained diorite supports the 
contention that amphibole is an important frac- 
tionating phase. The higher TiO2, P2Os, Sr, La, 
Ce, Nd, and Y contents and negligible Cr and Ni 
contents of the acicular diorite suggest an origin 
by delayed crystallization of volatile-enriched 
portions of the diorite group magma. 

The granodiorite group shows little geochemical 
variation. Members of this group contain detect- 

able amounts of Cr and Ni, unlike virtually all 
members of the inhomogeneous suite. For this 
reason, and because of the field relationships, the 
granodiorite is considered to be genetically un- 
related to members of the inhomogeneous suite 
and a separate liquid is thus required for its genesis. 
This liquid may have been the fractionated deriva- 
tive of some other magma (though if this is so the 
'parent' is entirely unrepresented at the present 
erosion level) or it may represent a direct crustal 
melt. Diorite xenoliths within the granodiorite are 
chemically similar to the even-grained diorite. 

Despite the lithological complexity of the in- 
homogeneous suite, its geochemical unity is clearly 
established in that, for instance, virtually none of 
the members of the suite (including even the most 
SiO2-poor) contain detectable Cr and Ni. More- 
over, geochemical variation within the group is 
rational (with the possible exceptions of Sr, Zr, and 
Ba) and may be explained in terms of a crystal 
fractionation model. However, the fractionation 
must have acted on a liquid itself unrelated to either 
the diorite or granodiorite group magmas. An 
additional complication is that later derivative 
liquids intrude into and partly digest earlier-formed 
semi-solids of the suite to produce much of the 
observed inhomogeneity. The phases which have 
controlled fractionation within the suite include 
plagioclase (established petrographically as well as 
geochemically) and hornblende. The role of apatite 
is uncertain. The fractionation of hornblende is 
particularly useful in explaining the change in R E E  
contents within the inhomogeneous suite. Total 
R E E  contents increase from the dark diorite to the 
quartz diorite, but decrease from the quartz diorite 
to the tonalite with concomitant relative H R E E  
depletion. This is taken to be a reflection of the 
changing hornblende/liquid partition coefficients 
for R E E  with increasing SiO2, which are less than 
one for liquids of basaltic and andesitic composi- 
tion but greater than one for liquids of dacitic 
composition. 

[Manuscript received 2o November i979] 
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Rock Group Lithologles Occurrence 

l~ho~geneous Patchy and variable from Variably shaped intrusions 
Suite "~nolithic" d a r k  diorite into diorite group, 

through q~rtz diorite t o  frequently ~ost leueocratic 
tonallte. ~t margins. 

Granodiorlte Course-gralned leucoerstlc Sheets and bosses in t h e  
Group g r a n o d l o r i t e  and d i o r i t e  group.  Angular 

trondhj~ite with rounded blocks and xe~llths in the 
dioritic xenoliths, i n h o ~ g e n e o u s  suite. 

D i o r i t e  Bom~geneous e v e n - g r a l n e d  E a r l i e s t  r o c k  group i n t o  
Group diorite transitional to which  the other two groups 

a c i s u l a r  diorite with of  rocks intrude. 
pods and veins of appinite. 

D e p a r t ~ n t  o f  GeologY, P o r t s ~ u t h  P o l y t e c h n i c ,  B u ~ a b y  Road, 

P o r t s ~ u t h  POI 3QL 

DIORITES f e a t u r e  p r o m i n e n t l y  i n  t h e  g e o l o g y  o f  t h e  Channe l  I s l a n d s .  
D i o r i t e  e o m p l e ~ s  occu r  on J e r s e y  (Wel l s  and Bishop ,  1955;  Key,  1977) .  
on Alderney (Noekolds, 1932)and on Guernsey (Drysdall, 1957; Roach, 
1964, 1966). This paper gives the results of ~ detailed study of the 
dlozites and associated rocks from a restricted area around Chouet i n  
north~este~ G u e ~ s e y .  It ~ t i l i s e s  t h d  field r e l a t i o n s ,  p e t r o g r a p h y  
and geochemlstryof the rocks to place limits on~dels which may be 
proposed for their origin. 

In the Chouet area the diorite complexly be subdivided into 
a diorite group, a gr~odiorlte group and a suite of inho~geneous 
rocks (Table I). The diorite group consists of an even-grained diorite 
and an aeicular diorite and is equivalent t o  part of the Bordea~ 
diorite (Koach, 196~) w h i c h  has been assigned a late Precambrian age 
(Bishop et el., 1975). The inho~geneous suite, which post-dates the 
diorite group, ranges in composition often on am outcrop scale from dark 
diorite through quartz diorite to tonalite. The third group of rocks  
consists pred~inantly of  a distinctive coarse-grained g r a n o d i o r i t e .  

F i e l d  r e l a t i o n s h i p s  

Field relationships in dicritie rocks are notoriously difficult to 
imterpret and it must be emphasised that the relationships occurring 
within the s~ll area of Chouet are extre~ly complex. It is only possible 
here to give those details which have enabled the unity of the groups to 
be distinguished, the variability within groups to be recognised and th~ 
relationships between the groups ~o be established. Localities referred ~o 
in the text are sho~ in fig. 2 of the ~y~opsis. 

The diorite ~roup. A melanoeratlc 60 ~socratic even-grai~ed diorite, 
containing equant am~hihole and plagloclase, occurs at a number of 
localities within the area studied. This, the dominant ~mher of the 
diorite group~ is co~aratlvely ho~geneous on outcrop scale, except at 
certain Ioealitles (e.g. Los Landelles) where it grades into a dlorite 
with markedly aeieular, pris~tie amphibole. A transitlonal zone of 
diorite with a mixture of equant and aelcular amphibole crystals is always 
present and thls gradation ha~ led us t o  crest these rock types as 
b e l o n g i n g  to a single group. At Les Landelles the acicular diorite 
contains pods and veins of appinite (the t e ~  appinite is used in the sense 
of Wells and Bishop (1955) to  describe pegmatitfc diorlte eharacterlsed by 
pris~tic ~phlhole). The prismatle amphlbole crystals within the applnite 
vary from 20 to 40 ~ in length and are e~nly cored with plagi0clase 
feldspar in the ~nner figured by Wails and Bishop (1955). 

The ~ranodlori~e ~roup. The granodivrite can be readily recognised 
in t h e  field as a Fellow weathering, coarse-grained granitic rock  with 
obv ious  q~artz aggregates. I~ addition, it characteristically co~tains 
rounded, distinct ~noliths from a few tens to a few hundreds of  
miilimetres across of  variably feldspa~hlsed even-gralned diorite, 
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F i g .  1.  F i e l d  r e f a t l o n s h i p s ,  a :  gDeet  o f  g r a n o d i o r i t e  ( t h i c k n e s s  3 m) c o n t a i n i n g  d i o r i t e  x e n o l i t h s  and i n t r u d e d  i n t o  e v e n - g r a i n e d  d i o r i t e .  
h :  I w h o ~ g e , l e o u s  s u i t e  c o n t a i n i n g  d i f f u s e  da rk  p a t c h e s ,  g r a n o d l o r i t e  b locks  (unshaded)  and d i o r i t e  x e n o l l t h s  ( b l a c k ) .  The g r a n o d i o r i t e  b locks  
t h e m s e l v e s  c o n t a i n  d i o r i t e  x e . o l i t h ~  c ross  cu t  by  t h e  i n h o ~ g e n e o u s  s u i t e  ( s c a l e  i n  ~ t r e s ) .  e :  C o m p o s i t i o n a l  v a r i a t i o n  w i t h i n  t h e  s  
a=ite. Ali~ment of the various mmbers, which include dark diorite (central part), q~rtz diori=e (upper part) a~d tonallte with diffuse darker 
patches (lower part) my be seen on a steeply inclined slab of rock in northwest Chouet (scale in ~tres), d: Even-grained diorite of the diorite 
group (black) intruded and sipped off by the inho~geneous suite at Lea Landelles. Note the diffuse nature of the boundaries of different parts of 
the inho~geneous suite with each other in contrast to the sharp (though occasionally lobate) contacts bet~en inhomogeneous suite and even-grained 
d i o r i t e  ( f o r e g r o u n d  to  h o r i z o n ,  a b o u t  8 m) .  
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Table II. Major ele~n: analyses (weight percent), 6elected ~race e l ~ t  analyses (p.p.m.) 
and cIPW norms of  rocks  f ~  Chouet, n o r t h ~ s t e ~  C~e~sey ,  Oha~e l  I s l a n d s .  

oC I GC 2 CC 22 GC 32 OC 33 ~ 34 ~ 35 CC 36 ~ 38 

Si02 58.39 57.06 53.85 53.81 51.43 50.57 54.71 57,72 51.66 
TI02 0.75 0.85 1,37 0.64 0.87 0.68 I.II 0.89 0 .97  
A1203 17.92 17.58 18,23 18.90 18.41 19,83 18.61 16.65 18.03 
Fe203 1.12 1.69 2.19 1,99 2.36 2,36 2.21 2.00 2.38 
FeO 5.51 5.63 7.16 8.63 6.33 5.57 6,04 5,45 6.81 
t~nO 0,31 O.14 0.14 0.19 0.17 O.17 0.14 0.18 O.22 
MgO 3,79 4.29 3,72 5.03 6.35 6.79 4.63 4.33 5.95 
CaO 7.20 8.09 7.39 7.68 i0.II 10.30 7.45 8,15 8.85 
Na20 3,31 3.OO 3.5O 3.09 2.53 2.42 2.80 2,91 2.87 
K20 1.67 1.47 1.94 1.95 1.32 1.19 2.19 1.56 1,87 
P205 0.19 0.18 0.31 0.09 0.ii 0.10 0.11 0.17 0.19 

8c 22 30 29 24 39 38 30 29 35 
v 138 163 28O 147 233 180 209 184 210 
Cr 31 37 n.f. 24 70 62 17 58 113 
Ni 15 15 u.f. 15 27 24 14 23 44 
Zn 63 64 84 8O 75 69 73 68 84 
Rb 49 42 57 74 42 33 79 55 69 
Sr 442 429 543 484 396 426 431 366 449 
Y 20 32 21 18 13 11 17 22 20 
Zr 137 66 58 181 98 I I I  175 1oo 97 
Ba 556 457 563 408 242 238 619 450 470 
La 21 26 24 32 IO i0 20 18 21 
Ce 48 50 46 57 22 23 39 39 53 
Nd 33 39 30 31 13 14 25 26 95 

Q 9.63 9,11 2.49 1.38 0.07 - 4.94 i0,61 - 

c . . . .  
or 9.87 8.57 11.&4 11,53 7,80 7.02 12.97 9.22 11.08 
ab 28,00 29.14 29,80 26,17 21.39 20.52 23.68 24.60 24.30 
an 29.10 34.58 28,32 31,91 34,99 39.72 31.72 27.78 3O.76 
d l  4.44 3.15 6,05 4,58 11.73 8.66 3.69 9.42 9.68 
hy 19.48 16.33 15.80 20.09 18,70 16.31 17.43 13.41 15.15 
o l  - - 2 . 8 1  - - 3.01 
mt 1.63 2,48 3,18 2.88 3.43 3.43 3.21 2,89 3.75 
i l  1.43 2,05 2.6O 1.23 1.65 1.3O 2.10 1.68 1.84 
ap 0.44 0.61 0.72 0.21 O.26 0 .23  0,26 0 .40  0.44 

cc 3 Gc 4 Gc 5 GC 6 GC 39 CC 4O GC 41 

53,96 53,28 35.09 52.77 51.30 51.73 50.33 
1.o8 1,13 1.26 1.40 1.58 1.31 1.62 

19.91 20.18 17.82 18.20 18,31 20.06 17.96 
1.71 2.3O 2.45 2,72 3.16 2.o1 3.98 
6,12 5.72 5.99 6.63 7.14 7.01 6.82 
0.15 0.16 0.19 0.19 0 .20  0.16 O.I6 
3.84 3.87 3.86 4.48 4.89 4.13 5.21 
8.09 8.12 7.59 8.66 8.57 8.00 8.82 
3.44 3.47 3.43 3.22 3.12 3.54 3.39 
1.43 1.51 2.02 1.47 1.35 1.77 1,54 
0.26 0.26 0 .28  0 .24  0.18 0.27  0 .17  

27 27 33 34 38 29 , 4 0  
185 187 216 3O5 367 224 384 
n.f. n.f. n.f. n.f. n.f, n.f. n.f, 

3 3 n . f ,  n . f .  n . f .  n . f .  n,f, 
71 71 72 79 99 72 9O 
42 46 72 49 53 62 52 

507 514 470 814 474 565 478 
20 21 26 21 21 24 17 

153 164 117 119 102 152 85 
510 495 608 362 366 477 327 
23 29 25 25 17 21 Zo 
47 36 51 47 44 46 38 
30 3O 33 28 25 29 22 

3.11 2.44 4.61 2.48 0.44 - 

8.57 8.92 11.96 8.69 9,17 10.48 9.11 
29.14 29.38 29,22 27,28 26.44 29.93 28,85 
34.58 35.01 27.14 30,85 31.34 33.61 29.23 
3.15 2.92 7.11 8.63 8.16 3,56 I0,85 

16.33 15.25 13.37 14.90 16.44 12.23 8.45 
. . . .  4 .16 4.44 

2.48 3.32 3.55 3.95 4.59 2.91 5,77 
2,05 2,14 2.39 2.66 3.01 2.49 3.08 
0.61 O.61 0.65 0.56 0.42 O,63 0.40 

GC 15 GC 16 oC 47 0092 

SiO2 54.79 58.71 52,43 55.55 
Ti02 1.16 0,80 1.33 0.89 
AI203 19.37 17.24 18.04 17.83 
Fe203 2.41 2.15 3.11 2.90 
FeO 5.75 5,O3 7.43 5.96 
MnO 0.14 0.17 0.20 O.2I 
MgO 4.05 3.63 4.45 3.96 
CaO 8.58 6.07 8.21 6.65 
Na20 9.74 4.17 2.95 4.70 
Z20 2,75 1.83 1.66 1,39 
P205 0.27 0,19 0.19 0.17 

Sc 21 26 37 
V 132 106 343 134 
Or ii 41 n.f. 5O 
Ni 6 ii n,f. 6 
Zn 75 63 87 81 
Rb 113 78 56 51 
Sr 496 397 409 397 
Y 22 39 19 50 
Zr 145 iio 93 174 
Ba 874 319 842 397 
La 18 17 26 17 
Ce 33 37 31 35 
Nd 23 33 30 36 

2.15 7.90 2.82 1.76 
0.75 - 

or 16.23 10.81 9.83 8.21 
ab 31.68 35.31 24.99 39.78 
an 25.88 22.92 31.04 22.89 
dl  - 4.88 6.93 7.38 
by 16.99 13,O9 16,92 13.71 
o l  - - - 

mt 3,49 3.12 4.51 4.20 
i1 2.20 1.53 2.53 1.68 
ap 0.63 0.44 0.44 0.40 

cc 9 GC lO oc 14 ~ 21 CC 37 ~ 46 

67.16 67.54 66.66 67.59 68.22 69.08 
0.50 0.51 0,62 0.33 0.89 0.46 

15,94 15,82 15.92 15,63 16.65 15.10 
1.81 1.29 1.25 1.43 2.O0 1,57 
2,38 2.76 3.13 2.92 5.45 2.23 
0.07 0.07 0.06 0 .08  0,18 0.08 
1.61 1.61 1,86 i . 69  4.33 1.38 
3.92 3.81 4.47 4.i7 8.15 2.79 
4,07 4.~ 3 , 6 i  3.90 2.91 3.39 
2.41 2.46 2.25 1,93 1.58 3.83 
0.12 0.13 0.17 0,13 0.17 0.i0 

lO i i  IO i i  8 9 

8 84 53 52 53 54 4 
12 ii 9 i o  14 io 
4 4 3 3 4 4 

39 31 3O 38 31 31 
63 87 70 57 61 303 
401 399 476 427 459 363 
14 12 9 ii 5 12 

139 133 150 147 116 123 
632 668 617 701 551 749 

26 21 25 36 24 25 
43 37 37 50 38 40 
20 18 15 23 14 20 

22.83 20.39 23.56 24.95 27.22 25.97 
0.99 - - 0.36 0.53 

14.22 16.O5 13.28 11.38 12.92 22.63 
34.45 35.20 3O.57 33.O2 28.94 28.67 
18.12 18.84 20.60 19.44 20.31 13.17 
0.44 - 0.36 0.34 - 
5.98 5.17 8.24 7.48 7,45 5.63 

2.62 2,11 1.82 2,07 1.62 2.27 
o.98  0 .88  1.18 i.Ol 0.90 0.88  
0.28 0.37 0.40 0.3O 0.28 0.23 

CC 25 GC 26 OC 48 CC 72 

53.26 58,24 54.58 53.63 
1.27 0.96 1.24 1.28 

18.73 18.42 17.50 18.53 
2,41 1.95 2.29 1.83 
6,19  5.51 7.26 7 ,59  
0.19 0.16 0.17 0.21 
3.78 3.03 4.30 4.31 
2.44 5,45 7.71 7.32 
4.49 3.78 2.90 3.34 
1.64 2.16 1.83 1.79 
0.59 0.33 0.20 0.17 

37 30 32 35 
126 109 274 267 
n.f. n.f. n.f. n.f. 
n.f. n.f. n.f. n.f. 
91 74 79 123 
57 73 66 65 

504 520 447 662 
42 27 20 15 
71 23 90 165 

386 567 486 425 
29 27 23 17 
66 84 43 36 
54 36 29 19 

- 9.39 5.53 1.94 
0.74 - - 

9.70 12.78 10.84 10.55 
38.01 32.01 24.57 28.25 
26,10 24,89 29,30 30,29 
5.70 - 6.30 4.06 

10.37 14.78 17.32 19.42 
2.84 - - - 
3,49 2.83 3.32 2.66 
2.41 1.82 2.36 2.&3 
I~38 0.77 O.42 0.40 

Sets of analyses: GC I - CC 38, 9 even-gralned diorltes; C~ 3 - CC 41, 7 aeic.lar dlorites; CC 15 - GC 92, 4 diorite xe~liths in 
granodloxite; C~ 9 - GC 46, 6 8ranodforites; CC 23 - OC 72, 4 dark diorite ~mbers of the inho~geneous suite. 

The inho~eneous suite occurs as intrusive bodies each consisting of 
a wide variety of rock types  which often have gradational contacts, Much 
of the suite comprises ronalite and a ~di~ to llght coloured quartz 
diorite, both of which enclose "xenolithic" mterial of darker diorite 
generally aligned with a sub-horizontal or gentle westward dip. The 
quartz diorite varies in texture fr~ relatively even-gralned ~o ~rkedly 
aeicular and frequently sh~s a conGiuuous imperceptible gradation into 
to~llte. The tonalite, h~ever, teuds to concentrate t~ards the ~rgins 
of the bodies, In additio~ to the ~in mass of the rock showing these 
variations in composition and texture, the "~nollthie" mterlal also 
varies in appearance. Some of it, because of its angularity and 
proximity to even-grai.ed diorite, i~ undoubtedly of even-gralned 
diorite (see fig. id). The ~jorlty, h~ever, is not even-grained 
dlorlte and ranges from distinct, throug8 inte~ally variable, areas wi th  
sharp bo~daries tb indistlnct, shadowy patches with highly diffuse 
~rglns (fig, ic and id) which finally beeo~ indistinguishable from 
the host rock. We con~ider, therefore, that al1 of these rock types, 
with the exception of the  even-gralned di0rlte ~nollths ~ntloned above, 
constitute a single petrogenetlc 8ro~, the inho~ge~ous suite, 

Relati~s between ~roups. The inh~geneous suite is the youngest 
group of rocks. Its relationship to the 8ranodlorite is clearly seen, 
for e~mple, east of La Lochante where angular blocks of granodlorite 
are fo~d completely enclosed within the inho~geneoua suite. Xenoliths 
within these blocks are cross cut (fig. Ib). 

The relatxonships between the inho~geneous suite and the diorite 
group my be seen at a number of localities. At l~ater ~rk at Les 
Landelles partly detached, stoped~ff blocks of even-gralned dlori=e ~y 
be seen within the inhomgeneous suite but close to contacts with Khe 
mln body of even-grained diorite (fig. ld). On La Loehante, La Be~ette 
and Les Landelles the even-gralned diorite has been pe~aslvely invaded 
by a tonalite which is part of the inho~geneous suite. Contacts het~en 
the  t ~  rock types  a r e  u s ~ l l y  markedly l o b a t e  and p i p e - l i k e  bod ies  
frequ~tl~ Qccur. ~hese pipes are simila~ in fo~ to those described by 
Elwe11 et at. (1960) and c~slst of t~alite intruding upwards into e~a- 
grained diorite as cylindrical bodies up to a ~tre long ~nd with dieters 
frol IO0 to 300 m. Elwell e~t a l. (1960) in discussion of the pipe-llke 
bodies at 8eaucecte Battery, north-easte~ Gue~sey, have acgued that they 
were p~dueed durln8 the r~bilisation of a teucodiorite at the 11~ o8 

Evidence of ~bils between ~mhers cf the inho~geneo~s suite can be intru.ion of an overlying meladiorite, which they infer to he later became 
fo~d along the foreshore on the noTrhe~ side of Chouet where several ex- of a supposed chilled ~rgzn" against" the leucodlorite. Bishop. (IP63),r t tl 
posures show dark diorite, quartz diorite a.d tonalite ~irled together by h~ever, has warned that caution ~st he exercised in the xnterp e a "~ 
turbid flow. Such evidence suggests to us that the various ambers of the of dark ~rglus, particularly when associated with pipes. A re~billsatlon 
inho~geneous suite were, at least locally, above ~heir respective solldus hypothesis i8 unnecessaey in the case of the Choir pipes since, despite 
temperatures at the sa~ ti~ but that they did not  completely inte~ix, the occasloDel presence of dark margins, there is no evidence to indlcate 
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Table  I I  ( c o n t l n ~ d ) .  F~jor  element  ana lyse s  (weight  p e r c e n t ) ,  s e l e c t e d  t r a c e  s l a n t  ~ a l y s e s  (p .p .m.)  
~ d  CI~4 norms of  rocks  f r ~  Chouet, u o r t h - w e s t e r u  Gue~sey ,  Channel I s l a n d s .  

GC 7 GC 8 00  11 GC 12 OC 20 GC 23 GC 24 0C 27 OC 28 0C 30 OC 31 CC 42 GC 63 0C 44 0C 45 

Si02 61.25 64.08 65.92 67.64 59.94 66.21 60.33 58.84 58.19 61.36 60.64 59.51 56.45 56.48 58.08 
TiO2 0.62 0.55 0.46 0.45 0.74 O.88 0.75 O,95 O.91 O.63 0.62 0.84 0.96 1.07 1.01 
A1203 19.93 18.41 17.68 16.75 20.04 17.11 19.31 18.71 18.84 19.58 19.94 19.30 19.27 19.29 18.63 
Fe203 1.51 1.56 1.45 1.O8 1.66 O,75 1,39 1.79 2.32 2.02 1.69 1.49 1.73 1.61 2,44 
Fen 2.91 2.60 2.13 2.42 3.52 3.28 3.98 4.66 4.34 2.76 3.17 4.31 5.39 5.28 4.50 
MnO 0.05 0,05 0,05 0.04 0.09 0.O7 0.08 0.13 0.12 0.05 0.04 0.I0 0.12 O.12 O.12 
M80 1.60 1.27 1.25 1.12 1.69 1.28 2.02 2.55 2.66 1.73 2.03 2.19 2.93 3.03 2,72 
CaO 5,67 5.10 4,O1 6.13 4.84 4.O3 8.52 5.99 6.31 6.02 5.88 5.91 6.87 7.18 6.10 
Na20 4,22 4.23 4,16 4.07 4.72 4.11 4.22 3.94 3,98 3.80 3,99 3.99 3.88 3.68 3.69 
g20 2.O1 1.95 2.72 2.17 2.50 2.44 2,12 2.13 1.91 1.81 1.98 2.06 1.99 1,80 2.28 
P205 0.23 0.18 O.16 0.13 0.26 O,16 0.27 O,29 O.43 0.25 0.21 0.30 0.60 0.45 0.42 

sc ~ . . . . . . . . . . . .  ~ . . . . . . . . .  
v 6 34 37 37 31 29 54 102 96 5 82 63 95 125 94 
Cr n . f .  n . f .  n . f .  n . f .  n . f .  n . f .  n . f .  n . f .  n . f .  n . f .  n . f .  n . f .  n . f .  n . f .  n . f .  
Ni n . f .  n . f .  n . f .  n . f .  n . f .  n . f .  n . f .  n . f .  n . f .  n . f .  3 n . f .  n , f .  n . f .  n . f .  
Zn 32 38 35 22 47 31 5I 60 66 33 29 51 62 56 54 
Rb 54 48 80 55 73 65 62 65 60 48 69 59 61 54 79 
Sr 544 518 584 506 599 461 554 561 553 496 635 586 548 520 552 
Y 5 6 4 4 ii 9 ll 22 23 3 2 12 24 22 24 
Zr i05 169 242 217 411 263 225 130 146 107 178 171 129 140 153 
Ba 655 633 768 645 985 770 669 613 668 5O5 380 832 566 599 595 
La 22 23 26 35 32 28 32 21 28 22 29 20 23 22 26 
Ce 31 38 37 49 48 49 50 35 53 30 41 31 38 38 49 
Nd 12 16 iO 18 22 20 24 30 33 11 13 18 26 28 34 

13.69 18.49 20.39 24.21 8.94 20.73 11.30 9.49 9.45 16.45 13.o4 10.84 5.52 6.84 9.77 
1.06 0.50 0.99 O.51 1.40 0.75 0.69 - 1.03 1.04 0,48 - - 0.02 

or 11.86 11.50 16.05 12.80 14.77 14.41 12.52 12.59 11.28 10.67 11.68 12,18 11.77 i0.64 13.48 
ab 38.76 35.81 35,20 34.45 39.93 34.82 35.69 33.34 33.67 32.17 33,80 33.76 32.86 31,15 31.21 
an 26.61 24.14 18,84 19.64 22.30 18 .97  25.63 27.O9 27.91 28.22 27.80 27.38 29.28 3O.80 27.51 
di . . . . . . .  0.60 0.47 - - - 1.80 1.55 - 
hy 7.13 5,83 5.17 5.67 8.26 7.82 10.09 11.81 11.12 6.75 8.52 10.94 13.52 13.61 11.58 
ol 
mt 2.19 2.27 2.11 1.57 2,41 i.O8 2.02 2.59 3.36 2.93 2.45 2.16 2.51 2.34 3.54 
ii 1,18 1.05 0.88 0.86 1,41 1.05 1,43 1.81 1.74 1.20 1.18 1.60 1,82 2.03 1.93 
ap 0 . 5 4  0.42 0.37 0.3O O.61 0.37 0.63 0.68 l.OO 0.58 0.49 0.70 0 . 9 3  1 .05  0.99 

CC 49 OC 50 Oc 54 00 57 OC 58 GC 59 GC 60 GC 61 GC 82 CC 63 GC 64 CC 65 0C 70 GC 71 

8i02 57.83 58.71 57.96 58.48 56.96 56.66 56.71 58.78 57.97 56.62 58.90 58.36 59.92 87.29 
TiO 2 0.88 0.82 1.O3 0.93 1.O8 i.ii O.81 i.O0 0.96 I.O2 0.81 0.74 0,69 0.95 
AI203 20.06 19.85 18.69 19.58 19.64 19.O2 20.03 18.30 18.92 19.54 19.95 20,77 20.29 18.78 
Fe203 2.11 1.61 2.04 1.45 1,83 1.94 1.48 0.97 1.53 2.37 1.77 2,11 1.75 2.O1 
FeO 4.02 4.38 4.82 4.80 4.95 5.05 5.36 5.56 4.53 4.72 4.08 3,43 3.49 4.50 
ttnO 0.II O.08 0.13 0.07 0.14 0.16 0.14 0.13 0.13 0,15 0.12 0.I0 0.08 0.12 
MgO 2.45 2,29 2.97 2.45 2.99 3.02 2.77 2.68 2.40 2.99 2.38 2.12 1.73 2.76 
CoO 5.74 6.34 6.36 5.64 6.27 6,91 6.40 6.53 6.31 6,29 4,70 5.76 4.41 6.57 
Na20 4,O6 4.02 3.57 4.OO 3,66 3.87 3.73 3.99 3.83 3.69 4.89 4.22 4.62 3.73 
K20 2.36 1.77 2.22 2.23 2.04 1.71 2.08 1.61 2.O1 2.13 2.10 2.12 2 . 7 8  1.90 
P205 0.38 0.33 0.41 0.36 0.47 0.55 0.48 0.97 0.39 0.48 0.29 0.27 0.24 0.38 

8c 13 13 21 i0 20 28 15 20 14 20 8 tO 8 18 
V 71 67 95 65 89 105 88 85 68 94 55 57 37 95 
Cr n . f .  n . f .  n , f .  n , f .  n , f .  n . f .  n . f .  n . f .  n . f .  n . f .  n . f .  n , f .  n . f .  n . f .  
Ns n.f. n.f. n.f. n.f. n.f. n.f. n.f. n.f. n.f. n.f. n.f. n.f. n.f. n.f. 
Zn 56 41 52 64 68 67 67 68 57 69 6O 57 44 62 
Rb 81 55 81 65 71 55 66 52 63 74 60 67 78 62 
Sr 663 608 548 582 563 512 57& 520 616 574 574 648 574 588 
Y II i0 24 II 23 29 20 32 13 28 Ii 6 ii 13 
Zr 140 147 139 443 175 51 60 206 274 184 334 315 387 148 
8a 447 391 629 890 674 484 707 425 535 598 549 572 910 571 
La 28 25 24 24 24 27 23 30 20 24 23 21 14 23 
N~ 47 41 45 37 54 57 39 36 47 41 35 22 37 

22 19 32 22 33 47 28 42 20 39 22 14 12 20 

Q 8.34 9.91 9.42 9.12 8.82 ] .32  7.13 9,49 9,41 8.O1 7.37 9.38 9.27 8.81 
C 1.31 0.59 - 1,19 1,13 1.16 - 0.91 0.88 1.78 1.71 2.25 0.89 
or 13.95 I0,45 13,18 13.19 12.06 I0.I0 12.31 8.51 11.88 12.59 12.41 12.52 16.43 11.23 
ab 34.34 34.O1 30.20 33.86 3O,97 32.77 31.58 33.80 32.40 31,22 41.40 38.68 39.08 31.55 
an 25.96 29.29 27.86 25.62 28.04 29,46 28.89 27,26 28.75 28.07 21.42 26.82 20.29 30.11 
di - 0.83 - - O.98 - 1.87 . . . . . .  
hy 10.48 11.38 12.70 12,32 13.55 13.17 14.43 13,75 11,69 12.76 10.83 8.80 8.28 12.14 
o l  . . . . . . . . . .  
mt 3.06 2.O4 2.96 2.11 2.65 2.81 2.15 1.40 2.22 3.43 2.57 3.05 2.53 2.91 
il 1.68 1.57 1.95 1.76 1.99 2.10 1.55 1.89 1.83 1,93 1.55 1.41 1.32 1.81 
ap 0.88 0.77 0.96 0.84 1.10 1.28 1.12 1.O3 O.91 1,12 0.68 0.63 0.56 0.89 

GC 7 - CC 71, 29 q~rtz diorite and tonalite ~mbers of the inh~geneous suite. 

Table I11, REE ~alyses of selected rocks from Choir, north~ste~ Guernsey, Channel Islands. 

QC 32 O~ 34 C~ 35 GC 36 GC 40 GC tO GC 48 GC 45 CC 63 GC 8 GC 3O GC 31 CC 64 

s i02  53.81 50.57 54.71 57.72 51.73 67.54 54.58 58.08 56,62 64,09 61.36 60.44 58.90 
La 33.6 11.0 20.8 17.7 29.3 23.5 21.O 31.4 23,O 25,4 19.3 26.7 22.0 .315 
Ce 66.0 18,9 36.1 37.4 53.7 35.2 50.0 56.5 59.0 41.6 26.5 38.2 44.0 .813 
Pr 7.2 <2.3 5 .0  4 .3  6 .6  4.7 6 .5  7.0 7.6 4 .0  <3.5 3.4 4.6 .116 
Nd 29.8 12.3 22.7 28.4 38.1 17,5 28.2 41.8 37.3 14.4 11.0 11.1 19.2 .597 
5m 6.5 2.5 3.8 5.1 6.6 2.9 4 .8  7.2 7.1 2.0 1.5 1.42 2.6 .192 

1.32 i,o3 1.35 1.45 2.5 1.07 1.42 2.2 1.85 1.20 0.85 0.83 1.38 .0722 
0,53  0.32 0.44 0.62 0.74 0.30 0 .63  0.80 0.90 0.204 O.14 0.094 0.296 .O47 
3 .8  2.6 3.4 6.2 4.9 2.6 4.5 5.3 6.1 1.9 0.98 1.O 2.2 .325 
O.61 0.36 0.53 O,68 0.85 0.28 0.68 0.68 0.93 0.25 O.15 0.I0 0.35 .o718 

Yb 3.6 1.5 2.0 2.8 3.2 1.4 3.18 3.0 4.1 1.38 0.56 O.51 2.1 .208 
Lu 0.61 0.19 0.32 0.43 0.48 0.20 O.51 0.45 0.64 0.24 0,08 0.89 0.363 .0323 
Ca/Yb 4.7  3.2 4 ,8  3.4 4 .3  6.5 4.1 4.8 3.7 7.7 8 .0  19.2 5.4 
Eu* - I0,5 15.3 - 26.8 ii,3 28.9 29,8 7.8 5.7 4.8 10.4 
EU/EU* - 1,96 1,22 - 1,29 1.31 1.06 0,86 2.14 2.09 2.42 1.84 

E v a - g r a i n e d  d i o r i t e  (GC 32, 34, 38, 36);  A c l c u l a r  d i o r i t e  (CC 40);  G r a n o d l o r l t e  (CC 10); Inho~geneous  s u i t e ,  
dark diorite (GC 48), q~rtz dlortte (G0 48, 63), t~altte (C~ 8, 30, 31, 64). ~tlos calculated asing ehrondrlte 
v a l u e s  from Sun 6 Ha~on  (1976),  g iven  i n  the  r i g h t - h a n d  c o l u m .  A n a l y s t :  G.R. G i l ~ r e  
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that the diorite group post-dates the inho~gnneous suite, However, the 
ductile behaviour of the even-gralned diorite leads us to conclude that 
at least parts of it ~st hawe he~ at or near its solidus temperature at 
the t ime of pipe f o ~ t i o n .  

The relationship between the granodiorite group and the diorite group 
is less obvious than the other relationships because the two groups are 
rarely ~ in c o n t a c t .  Sheets and s~ll irregular boss-llke bod ies  of  
granodiorite appear to have been emblaced into the even-gralned diorite 
in the Mort Cuet q~rry and in several of the disused quarries aro~d 
Chouet. Similar bodies occur on Roche du Pezerll (fig. is) and i~diately 
east of this locality where the granodiorlte ~y be seen to vein even- 
grained diorite. Thus we conclude that the granodiorite group post-dates 
the dio~ite group but pre-dates the inh~geneous suite. In s~e ways this 
is an inconvenient solution since it presents the problem of  how the 
diorite group could have been locally close to its solidus at the ti~ of 
emplacement of the inhomogeneous suite while the granodiorite was included 
in the inho~geneous suite as angular blocks, Nevertheless, it is the 
solution supported by the field evidence. 

Pet rography  

The diorite group. The even-grained diorite no~lly has sufficient 
quartz in the mode (fig. 2) to q~lify as quartz diorite (Strecheisen, 1976). 
It contains euhedral to subbedral plagioclase which sbss disc~tin~us 
no~al zoning f~ byto~ite or calcic labradorlte to calclc or middle 
oligoclase. In contrast, the aeicular diorite contains plagioclase which 
is strongly serlcitlsed and is zoned from middle andeslne to sodic 
oligoclase. Hornblende in the even-grained diorite occurs as equant ,  
subhedral, br~ish-green crystals whereas in the acleular diorite a 
mixture of agent and acieular p r l s m t l c  amphibole crystals is present. 
The acieular crystals often contain ragged flakes of biotite and generally 
have lobate ~rglns with plagioelase, especially where biotite is rare. 
Bro~ biotite is variable in the ~des of the dlorltes (fig. 2) hut when 
present as large plates it poikilitinally encloses s~ll, rounded, 
strongly zoned plagioclase laths. Prehnite wedges are developed along 
the biotite cleavages, particularly in the acicular diorite. Magnetite 
and euhedral apatite are ubiquitous accessory minerals. Spbene occurs 
sporadically in the even-grained diorite but is co~n in the aclcular 
diorite where it occurs interstitially. Large subhedral zircons are 
present in the 3cicular diorite. 

The overall texture of the eveu-gralned diorite is of  igneous origin. 
This is indicated by the plagloelase zoning (e.g. Sibley et el., 1976) 
and the polkilitie nature of the hornblende and biotite crystals. There 
is no evidence that the he.blends fo~d by replace~nt of priory 
igneous pyroxene as has been demonstrated for certain diorites els~here 
(e.g. Wells and Bishop, 1955; Gulson, 1972). The texture of the 
acicular diorite is also one predominantly produced by igneous processes. 
tbe greater develop~nt of prehnite, the aclcular prismtlc habit of the 
ampblbole and serlcitisation of the plagloclase all suggest a higher 
activity of volatiles than in the even-gralned diorite. 

50 60 70 50 60 70 

SiO 2 SiO 2 

Fig .  2. Modal pe rcen tage  of the ~ i n  m i n e r a l s  vs ,  SiO 2 con ten t  i n  Chouet 
rocks .  Le f t ,  f i v e  members of  the d i o r i t e  group and two u m b e r s  of  the  
g r a n o d l o r l t e  group.  R i g h t ,  n ine  u m b e r s  of the i n h o ~ g e n e o u s  s u i t e  r a n g i n g  
from dark d i o r i t e  through quar t z  d i o r i t e  to t o n a l l t e .  

The ~ r a n o d i o r l t e  ~roup con ta in s  rocks which s t r a d d l e  the boundary 
between granodlorite and cronhjemite (Streckelsen, 1976). They are udi~ 
to coarse-gralned, plagioclase, quartz, biotite rocks in which the quartz 
fo~s polycrystalline aggregates. Minor a~unts of K-feldspa~ occur 
�9 nterstitially with the quartz. The eubedral to subhedral plagioclase 
crystals exhibit discontinuous no~l and oscillatory zoning both within 
the andeslne-oligoclase range and, mrs rarely, patchy zoning. Minor 
anhedral, green hornblende is found in addition to accessory opatlte and 
ugnetlte. Sphere and zircon are sentimo present. 

The inho~geneous suite. The wide variation in c~position of  this 
suite~rom meladiorite to leucotonallte results i o  rocks with variable 
proportions of plagloclase, quartz, biotite, hornblende, ~gnetlte and 
occasional perthlt ic alkali feldspar (fig. 2). No~l and oscillatory 
zoned plagioclase ranges in composition from middle andesine to sodlc 
oligoclase. Patchy zoning is also present, ~re co~nly in the tonalite. 
Bro~ biotite polkilltically encloses s~ll plagioclase laths and is 
found interstitially around larger plagioclases. Green hornblende is 
present throughout ~st of the suite and occurs as both equant and 
acicular crystals iu~ny of the quartz diorites. ~he aeicular crystals 
may have lobate urglns and often contain and replace biotite . Accessory 
minerals i.clude euhedral apatite, zircon and interstitial sphere and 
prehnite occurs along biotite cleavages. 

M. B R O W N  E T  A L .  

Geochemistry 

Rock mpeeimns f o r  a n a l y s i s  were chosen to  provide  a r e p r e s e n t a t i v e  
sample of each rock group.  Any s y s t ~  of  sampl ing  i n  such a complex 
a r e a  must i n t roduce  s ~  b i a s  hu t  the  approach adopted i s  cons ide red  
p r e f e r a b l e  to  a t t e m p t i n g  any k ind  of  s y s t e m a t i c  grid or  t r a v e r s e  sampl ing .  
F i f t y  n i n e  s p e c i u n s  cove r ing  the range of  rock types  were a ~ l y s e d  
u s i n g  X-ray f l o r e s c e n c e  s p e c t r o ~ t r y  on p ressed  powder d i s c s  f o l l ~ i n g  
t h e  method of  B r ~  e t  a l .  (1972).  Major e l e ~ n t  v a l u e s  a r e  expressed  
on a w a t e r - f r e e  bas i~ ' - r~ '~alcula ted to 1OOg. The ana lyses  a re  p r e sen t ed  
i n  Table g l .  The REE were d e t e m i n e d  by Dr. o .g .  G i l m r e  a t  the  
Universities Research Reactor, gisley, U.K. by a neutr~ aetlvati~ 
m e t h o d  and a re  g iven  i n  Table I I I .  

The a ~ l y s e s  have been p l o t t e d  ~ H a r k e ~ t y p e  diagrams ( f i g s .  3 ,4 
~d 5), chondrite no~llsed nEE plots (fig. 6) and an KFM diagram (gig. 7). 

The diorite ~roup. The even-grained diorite speci~ns are sh~ on 
the geochemical plots as solid sq~res. With increasing SiS 2 these 
speci~ns show decreasing AI203, MgO, CaO, Se, V, Cr and Ni and increasing 
Na20 , La, Nd and Y whils~ P205. FmO. Sr. Zn and Ce show little systematic 
change. So~ of the ele~nts, Fee + Fe203. Tie2, Rb~ ga and Zr, increase 
up to about 55% S~O 2 and then decrease. Despite a str~g correlation of 
K with Rb, K/Rb sh~s no consistent variation with increasing SiO 2. The 

total gEE contents of s speeders of e~en-grained diorite (Table Ill and 
fig. 6) show a general increase with increasing Si02. H~ever, no relative 
enric~ent in LREE with dncr~sing $io 2 is apparent, contrary to  that which 
has been recorded in s~ other sequences ascribed to fracti~ation (note 
no~lised Ce/Yb in Table lII). 

The a c i c u l a r  d i o r i t e ,  p l o t t e d  as open s q ~ r e s ,  spans a s i m i l a r  range 
of  giO2 conten t  to  the  e v ~ - g n a i n e d  d i o r i t e  a l t hough  i t  g e n e r a l l y  has 
h i g h e r  TiO2, P205, Sr ,  La, Ce, Nd and Y and, f o r  the one s p e c i m n  ana lysed ,  
total RRE content. In m~rked contrast to the even-grained diorite, nearly 
all specimens of acicular diorite are bel~ the theoretical detection limit 
for the el~ents Cr and Ni (7ppm and 2ppm, respectively). 

The granodiorite group* All specious ~alysed fr~ the gnanodiorite 
group have a higher SiS 2 content than any of the other rock types with a 
single exception. These speeders, which are plotted as flve-polnted 
stars,are very similar in geochemistry. A significant feature of their 
geoch~istry is theprese~ce of Cr and Ni in detectable ~unts. The 
specimn of  granodiorite analysed f o r  nEE sh~s a l~wer total REE 
content th~ ~st of the speciuns of even-grained diorite, accompanied 
by a relative depletion in R!~E (nomlised Ce/Yb ffi 6.46). dudglng 
by the high La/Y ratios of the other specimens of granoddorite this 
relative depletion in RREE is likely to be present throughout the grm%o- 

~s group. 

Four xenoliths from the granodiorlte were analysed and are plotted as 
eight-polnted stars. Their chemistry is very similar to that of the even- 
grained dioritep Cr and Ni are present in the xenollths in levels 
comparable to tbose in the even-grained diorite. In contrast to the grano- 
diorite, the xenoliths have very i~ La/Y ratios and they my be relatively 
enriched in HREE, perhaps as a result of sligbt reaction between grano- 
d l o r l t l c  ~ g m a  and diorite. 

Tbe inho~eneous suite. The q~rtz dlorltes and tonalites of the 
inho~geneous suite are plotted as filled circles and the dark diorites 
as di~nds in the variation diagr~. There are a n~ber of features of 
these diagrams which cannot be explained in te~ of a simple fractlonatlon 
~del relating the inho~geneous suite to the even-graded diorite. These 
two groups sh~ different trends on the plot of AI203 against SiO 2 (fig. 3) 
and their P205 contents are generally quite different. Furthe~re, the 
trend of variation of P205 against SiS 2 for tbe inbo~geneons suite 
(moderate negative slope) is not continuous with that for the even-grained 
diorite (shallow positive slope) but cuts across it (fig. 3). Finally, 
all ~mbers of the inho~geneous suite, even the most SiO 2 poor. contain 
no detectable Cr and Ni in contrast with the ~derate a~unts in the even- 
grained diorit es. 

Geochemical variation Within the inho~geneous suite is extensive, 
particularly in the tonalitic ~mbers. Tbe remrkahly wide ranges in 
Zr, Ba and to  a lesser extent Sr are especially note~rthy. These 
variations which occur in the very s~ll SiS 2 range covered by the 
tonalites apparently uy not be restricted to Chouet tonalites (see, for 
example, Busr~il etaI., 1975) hut might he a general feature of rocks of 
t h i s  complex type. 

The PEE analyses for the inho~geneous suite fall into two sets (fig. 
6), one containing four aflalyses of tonalites, the other two quartz dio~ 
ires and one darker diorite. The nEE patte~s of this latter set are sim- 
ilar to those for the even~gralned dlorites wbich, however, have slightly 
lower total nEE contents. All ~mbers of the tonalite set have lower total 
FEE contents than the other analyses of the inho~geneous suite. They show 
pronounced positive Eu anomalies (En/Eu* ffi 1.84 to 2.42)and relative NKEE 
depletion (no~llsed Ce/Tb = S.4 to 19.2). The high values of La/Y for 
tbe tonalites compared wi~b tbe otber umbers of tbe inho~geneous suite 
are consistent with RREE depletion. These features of the REE distributions 
of the inho~geneous suite are very similar to those presented by Arth 
e tal. (1978) for certain diorites and tonafites from Finland. 

Pet ~ogenesis 

The dlorites and associated rocks of the Chouet area plot in the 
AFM dlagr~ on a well defined calc-alkallne trend showing no middle stage 
iron enrichment (fig. 7). The high values of Al20a, high FeO/MgO, and 
low abundances of Cr and Ni are also characteristic of calc-alkaline roche. 
These general features frequently have been interpreted as indicating a 
suite of rocks related by crystal fractionation, although in ~ny cases 
they could equally be produced by progressive fracti~al ~Itlng of a 
hydrous basic or ultrabasic source. For either of these alternatives it 
seems likely that an amphibole is in~lved either as a fractionally 
crystallising phase ( e . g ,  Cawthorn and O'Hara, 1976) or  as a resid~l 
phase to fractional ~iting (e.g. Barker and Arth. 1976). 

In the  present case, h~ever, a single fraetlonal crystalllsation, or 
a single progressive fractional ulting ~del does not explain adeq~tely 

the va r ious  differences and discontinuities between the three ~in rock 
groups in the Cheat area. For e~mple, the inho~geneous suite, which, 
in general, covers the middle range of compositional variation of the 
series as a whole, clearly post-dates both the diorite and the granodiorite 
groups. In any case, it is difficult to envisage h~ a s/ngle fraction- 
a t l o n  model might produce such g ross  inh~geneity only in its middle 
stages. As far as the SiS 2 content is conceded, an area of overlap occurs 
betwee~ the i~h~mogeneous suite and the even-grained diorite in the r~ge 
53-59g. The geochemical characteristics of the two groups differ in this 
area for a n~ber of elements, e.g. P205. St. V. Ce, Nd and Y. This 
contrast takes s gem of an intersection or of a change in slope of the 
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t r ends  of the groups ( f i g s .  3, 4 and 5) .  Also ,  i n  t he  range 53-59g Si02 
the A1203, g r ,  Cr and Ni abundances of  the  two groups a r e  r a t h e r  d i f f e r e n t .  
The Cr and g f  con ten t s  throughout  the  i n h ~ g e n e o u s  s u i t e  a r e  c h a r a c t e r -  
i s t i c a l l y  very  low even i n  the ~ s t  SiO2 poor p a r t s ,  whereas the  even-  
grained diorite shows a more nor~l Cr and Ni variation. 

ea 
.E 

.,=. 

\ 

E 

..=, 

La Ce Pr Nd Sm Eu Tb Dy Ho Yb Lu 

Fig .  6. Chondr i te  n o ~ l i s e d  nEE p l o t s  of t h i r t e e n  of the Chouet rocks .  
Upper diagram: one granodlorite (lower curve); five diorite group 
comprising four even-gralned diorites (shaded area) and one acieular 
diorite (upper curve). Lower diagram: seven inho~geneous suite 
comprising one dark diorite (dotted curve), two quartz diorltes (upper 
curves) and four tonalltes (lower curves). 

Fig. 7. AFMplot for Chouet rocks. Symbols as in fig. 3. 

E T  A L .  

The diorite ~roup. Despite the argents against a slngle fractional 
crystallisatica or ~iting ~del for the derivation of all three ~in 
rock groups, the field relations, petrography and geochemistry of the 
even-grained diorite specious alone are consistent with a related origin 
by fractional crystallisation. Petrographic study of the textures of 
these diorite, has 8h~ that ho~blende + plagioclase are likely liquidus 
phases (see petrography section) ~d the variation seen within this rock 
type up to 55g SiO2 con ten t  m y  be a t t r i b u t e d  to  hornblende + p l a g i o c l a s e  
f r a e t i o n a t i o n .  S~h an i n t e r p r e t a t i o n  is c ~ s i s t e u t  w i th  the  g e o c h ~ i c a l  
v a r i a t i o n  and, i n  p a r t i c u l a r ,  w i th  the  o b s e ~ a t i o n  t h a t  no middle  s t a g e  
iron enrichment occurs. 

Arth et al, (1978) quote the FEE partition coefficients for amphibole/ 
groundmass in basalt, and andesites as bmi~g less than one, Amphibole 
fractionation would thus have the effect of increasing the total nEE 
content with increasing Si02, as is obse~ed in the Chouet even-grained 
diorites. The lack of a gu a~ly might be accosted f o r  by the balanced 
fractio~tion of amphibole and plagloclase. 

A change in the slopes of FeO + Fe203, Rb, Zr and Ba against Si02 
occurs at about 552 SiO2 and this is taken to indicate the entry into 
the fractionation sch~of a third phase which preferentially incorporates 
these el~nts; both the petrography and the geochemistry are consistent 
with this phase being biotite, Thus we interpret the later part of the 
fractionation trend of  the even-grained diorite as b e i n g  produced by 
amphibole + plagioclase + biotite fraetfonating out  with biotite 
entering as an important liquidus phase at about 55g Sio2. 

The abundances and variation in the immobile el~nts Cr and Ni for 
the even-gralned diorite might suggest t h a t  s~ even earlier fraction~tion 
than that represented by the rocks of the Cnouet area, probably of olivine 
• pyroxene • amphibole, has occurred. In this respect the proximity of St, 
peter Port Gabbro (see flg.2 of synopsis) is of interest. This intrusion, 
which predates the Bordeaux Diorite (Drysdall, 1957; Roach, 1966), is a 
layered olivine gabbro and ho~blende gabbro-bojite complex in which 
fractionation, precisely of these phases, has been de~nstrated to occur 
(Roach, 1971). We do not dismiss the possibility that the even-grained 
diorite of Chouet is the product of a liquid derived by fractionation of 
the St. Peter Port Gabbro~gma. 

Two possible models might be envisaged for the origin of the acicular 
diorite, a ~del based on~tas~tism of the even-grained diorite or 
one based on delayed mgmatic crystallisation of parts of the diorite group 
liquid. Using a ~tasomtic model, it is difficult to explain the complete 
re~val of  Cr and Ni fr~ the even-grained diorite as these elements tend 
to be partitioned into the solid phases and no--fly are considered to be 
i~bile d u r i n g  ~tas~tism. The preferred ~del, therefore, is that the 
acieular diorite represents local fractions of the diorite group liquid 
whose crystallisation was delayed compared with that of the even-grained 
portions because of higher valatile content. Such a mechanism is consist- 
ent with the ge.erally higher P205, gr and nEE contents of the acieular 
diorite and with its ~re ~rked sericitisatlon and prehnite development. 
It gains support from the observations of Piwinskif (1967) that acicular 
crystals fom under quench conditions in H20-rich liquids. Under such con- 
ditions the very I~ abundances of Cr and Ni in the later crystallislng 
portions are to be expected. The s~ll pods and veins of appinite which 
occur within the acieular diorite might either represent even more volatile 
rich patches, or so~ or all of th~y have been produced by local remo - 
bilisation and recrystallisation of the acieular diorite in response to the 
emplace~nt of the inh~geneous suite (c.f. Key, 1977). In either case it 
see~ likely that the appinite crystallised under quench conditions, prob- 
ably initiated by the sudden loss of valatiles. Cored amphiboles are 
typically developed in the Chouet applnites and have been produced experf- 
~ntally by quenching of dioritic compositions (Condliffe, 1973). 

The ~ranodiorite ~roup. Since there are no rocks of suitable compo- 
s i t i o n  to provide a direct link by liquid descent between the even-gralned 
diorite and the granodiorite, we conclude that the diorite group and the 
granodiorite group are genetically unrelated. The two mst likely origins 
for the granodiorite group are either as a direct melt from a l~er crustal 
source or as the end product of fractlonation of a ~it not represented by 
any other rocks at the present erosion level. We have no evidence to 
enable us to distinguish between these possibilities. 

The inhomO~eneous suite. For the reasoos previously stated, the 
field relations and the geochemical variation of the inho~geneous suite 
de~nstrate than it cannot be derived from the diorite group~gmaby 
simple crystal fractionatlon. Similar inhomOgeneoos rocks often are 
ascribed to an assimflftive origin (e.g. Read and Haq, 1965) orp more 
rarely, to an origin by hybridlsatfon (e.g. Withe, 1970). In the case of 
the inho~geneons suite of Chouet, however, e~minatlon of the plots of 
A1203, P205, Zr, Cr, Ni, Ca, Nd and Y against SiO 2 demonstrates rather 
clearly that the variation within the inhomOgeneous suite cannot be 
produced by sixi.g between any presently euposed~mbers of the diorite 
group and either the granodiorite group of 8ny me~er of the inho~geneous 
suite itself, since the linear trends predicted by such a model (e.g. 
Gunn and Welkins, 1969) are absent. In this respect it should be noted 
that the darker dlurltic portions of the inho~geneous suite are not 
partially assimilated xenoliths of the even~grained diorite from which 
they ~y he distinguished both by their different appearance in the field 
and hy their different trace element conten~s, 

The general range and linear variation for ~st of the~jor ele~n~s 
and~ny of the trace elements within the inho~geneous suit#, however, 
indicate that the ~mbers of  the s~ite shar~ a related origin by s 
ation. It is envisaged that the darker diorftic ~terlal represents the 
early-fo~d solid or seml-solid crystalline mush, intruded, broken up and 
partially redigested by the later fractlona~ed liquid of quartz diorite and 
eventually tonallte composition. The inho~geneous suite of the Kenneth- 
~nt Complexly have been fo~d by a similar mechanism (Busrewfl etal., 
1976), 

Petrographic evidence d~nstrates that zoned plagloclase feldspar was 
always an early crystallising phase in the inho~geneous suite, variably 
accompanied by ho~blende, biotite, apatfte and~gnetfte. A clear and c~ 
plate demonstration of the extent of fracti~ation of all these phases is 
impossible. Despite the ~certainty of the extent of apatite fractlona~ion 
some indication of the role played by hornblende and plagioclase ~y be 
gained by a study of the PEg plots already described (see geochem/stry). 
The increase in total FEE content from the darker dioritic mterial to 
the q~rtz diorites requires that a phase with a partition coefficient of  
less than one has fractionated out and ho~blende se~ ~he most likely 
phase. The absence of  a Eu an~ly of any k ind  in these early~hers 
indicates that although plagioclase was fractionated out its e ffect was 
Counteracted by hornhlende. The l~r total nEE content of the tonalites 
might also be explained by ho~blende fractionation since Arth et a1.(1978) 
report that partition coefficients for ho~hlende in dacite are~r~ater 
than one fur LREE and as high as six for }U~EE, In this way the relative 
HREE depletion might also be explained. The presence of the ~rked Eu 
~o~lies i n  the t o n a l i t e s  is very probably accosted for by the h i g h  
~dal plagioclase. 
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The e x p l a n a t i o n  of the s t r i k i n g  and unusual  v a r i a t l o n s  of c e r t a i n  t r ace  
element contents, notably Sr, Ba and Zr, is noc clearly understood. More 
[nfo~atlon on the behaviour of these ele~nts in dloritic and tonalitle 
rocks is desirable. 

Conclus ions  

i. I n  the Chouet area three distinct rock groups have been established: 
a diorite group comprising even-grained diorite and acieular diorite; a 
gr~nodiorite; and an inho~geneous suite of rocks comprising dark diorite, 
quartz diorite and tonalite. Each rock group has its o~ distinctive 
chemistry and contrasting trends of geochemical variation and they cannot 
easily be related to each other by simple differentiation. 

2. The variation within the even-grained diorite is wholly consistent 
with a ~del involving the fraetionatlon of hornblende + plagioelase up 
to 55% SiO 2 and ho~blende + plagioclase + biotite at higher SiO 2 contents. 
The acieular diorite was derived from the diorite group ~F~a by delayed  
crystallisation of volatile-enriched portions. 

3. The granodiorite group liquid ~y represent the fractionated derivative 
of some otber~g~, but if this is the case the "parent" is not repre- 
sented by rocks exposed around Chouet. Alte~atively, the granodiorlte 
.ay represent a direct crustal melt. 

4. The inh~geneous suite crystallised from a different liquid to the 
other rock groups and the dark diorite, quartz diorite and tonalite ~mbers 
of the suite are related to each other by fractionatlon of this liquid. 
The inho~geaelty of the suite is a resell of later diffezentiated liquids 
being intruded into and partly dlgesting the earller-formed semi-solid 
~terlal. 
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